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Background: The inter-pregnancy period is considered a teachable moment when women are receptive to
weight- management guidance aimed at optimising pregnancy outcome in subsequent pregnancies. In population
based studies inter-pregnancy weight change is associated with several adverse pregnancy outcomes but the
impact on placental size is unknown.
Methods: The association between inter-pregnancy weight change and the primary risk of adverse pregnancy
outcomes in the second pregnancy was investigated in 12,740 women with first two consecutive deliveries at a
single hospital using logistic regression.
Results: Compared with women who were weight stable, weight loss (>1BMI unit) between pregnancies was
associated with an increased risk of spontaneous preterm delivery, low placental weight and small for gestational
age (SGA) birth, while weight gain (>3BMI units) increased the risk of pre-eclampsia, gestational hypertension,
emergency caesarean section, placental oversize and large for gestational age (LGA) birth at the second pregnancy.
The relationship between weight gain and pre-eclampsia risk was evident in women who were overweight at first
pregnancy only (BMI ≥25 units), while that between weight loss and preterm delivery was confined to women with
a healthy weight at first pregnancy (BMI <25 units). In contrast, the association between weight loss and SGA was
independent of first pregnancy BMI. A higher percentage of women who were obese at first pregnancy were likely
to experience a large weight gain (P < 0.01) or weight loss (P < 0.001) between consecutive pregnancies compared
with the normal BMI reference group.
Conclusion: Inter-pregnancy weight change in either direction increases the risk of a number of contrasting
pregnancy complications, including extremes of placental weight. The placenta may lie on the causal pathway
between BMI change and the risk of LGA or SGA birth.
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Both pre-pregnancy maternal underweight and obesity are
associated with a myriad of adverse pregnancy outcomes
for both mother and child, which impact their health and
wellbeing, and draw substantially on limited health service
resources [1-3]. Women who are underweight at concep-
tion are at risk of fetal growth restriction, premature* Correspondence: Jacqueline.Wallace@abdn.ac.uk
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reproduction in any medium, provided the ordelivery and low birth weight [4-7]. At the other end of the
BMI spectrum, maternal obesity is commonly associated
with a plethora of risks that generally increase with degree
of overweight including hypertensive disorders, gestational
diabetes, stillbirth, induction of labour, caesarean delivery,
large for gestational age (LGA, birth weight >90th after ad-
justment for gender and gestational age) and preterm birth
[4,8-11]. Avoiding the consequences of these BMI extremes
by encouraging women to achieve a healthy BMI prior to
their first pregnancy is a laudable goal but it is pertinent to
recognise that many of these pregnancies are largelyl Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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cially deprived women who predominate in the under-
weight and obese BMI categories, respectively [12-14].
The inter-pregnancy period may be a “teachable moment”
when women are receptive to guidance to achieve or
maintain a healthy weight and thereby optimise pregnancy
outcome in their second pregnancy. This guidance must
be evidence based and applicable to all women across the
BMI range. Previous population based studies from
Sweden and the USA (~114-230,000 women) have exam-
ined inter-pregnancy BMI changes in relation to a number
of pregnancy complications [15-22]. Using contrasting ap-
proaches these researchers have demonstrated a strong re-
lationship between inter-pregnancy weight gain and the
risk of pre-eclampsia, stillbirth, maternal diabetes, LGA
and caesarean delivery. Villamer & Cnattingius [15] add-
itionally detected a linear relationship between inter-
pregnancy weight gain and the incidence of gestational
hypertension while Whiteman et al. [22] reported that
inter-pregnancy BMI loss resulting in a shift from the nor-
mal to underweight category increased the risk of spon-
taneous preterm delivery. The effect of inter-pregnancy
BMI change on the primary incidence of small for gesta-
tion age (SGA) has not been documented.
We recently demonstrated that placental growth as
reflected by weight at delivery is an independent risk factor
for the range of pregnancy complications shown to be in-
fluenced by the contrasting ends of the BMI spectrum in
the pregnant population irrespective of parity [23]. Inter-
pregnancy BMI change may also influence placental weight
at the second pregnancy and hence hypothetically the pla-
centa may lie in the causative pathway between BMI
change and the risk of specific adverse pregnancy out-
comes. The aims herein were three-fold. Firstly we aimed
to determine if both extremes of inter-pregnancy weight
change influenced the risk of a range of pregnancy out-
comes, including SGA births, in a relatively small cohort of
women delivering at a single maternity unit in the UK. We
deliberately used the same analytical approach as Villamer
and Cnattingius [15] to facilitate comparison of common
elements of our data. Secondly we examined whether the
relationships between inter-pregnancy weight change and
the primary incidence of pregnancy complications at sec-
ond pregnancy differed in women who had a healthy or un-
healthy BMI at the first pregnancy. Thirdly, we investigated
whether inter-pregnancy BMI change influenced the inci-
dence of low placental weight (<10th centile after adjust-
ment for gender and gestational age) or placental oversize
(>90th centile after adjustment) at the second pregnancy.
Methods
Study population
This was a retrospective cohort study using data from the
Aberdeen Maternity and Neonatal Databank (AMND).Ethical approval was granted by the North of Scotland Re-
search Ethics Service (REC Ref 13/NS/0050) for all obser-
vational studies using routinely collected anonymised data
from the AMND, provided permission was granted by the
Steering Committee (Caldicott guardians). After obtaining
permission from the Steering Committee of the AMND,
routinely collected anonymised data were extracted from
the databank for all singleton births after 24 weeks’ gesta-
tion in Aberdeen city and district between 1986 and 2007.
The study population of interest was women who had
their first-ever and second consecutive births at Aberdeen
Maternity Hospital, who booked before 24 weeks gestation
on both occasions and whose height and weight was re-
corded. After excluding women (n = 955) with missing or
improbable data for key variables (placental weight, birth
weight or baby gender), a final study population of 12,740
women were available for analysis.
Study design
Maternal weight at the first antenatal visit for each preg-
nancy was adjusted to take into account stage of gestation
when weight was measured exactly as described previously
using maternal conformation data for women from the
same geographical area [24]. Briefly this involved obtaining
the z score of weight for height (difference between weight
and mean weight for height, relative to standard devi-
ation), adjusting this by adding a constant that depended
on stage of gestation, and then recalculating a weight only
from this adjusted z score. The resulting corrected weight
was then used together with the unadjusted height to cal-
culate an adjusted BMI (weight/height2). Although the
mean individual difference in gestational age at the initial
hospital visit in the first versus second pregnancy was
small (1 ± 3 weeks, mean ± SD) this approach meant that
the maternal BMI calculated for both pregnancies was
corrected to a standard stage of gestation for all women in
the study population. Moreover as a small percentage of
women had their first hospital visit after 16 weeks gesta-
tion (13 and 7% of women in first and second pregnancies,
respectively) this approach facilitated the inclusion of
women who had a first hospital booking appointment up
to 23 weeks gestation. These adjusted maternal BMIs were
used to calculate the inter-pregnancy change in BMI. The
difference was categorised as less than −1 (BMI loss of
greater than 1 unit), -1 to less than 1 (BMI stable = refer-
ence group), 1 to less than 3 (modest gain) and 3 or more
units (large gain) and replicate the BMI categories used in
the Scandinavian population based study reported by
Villamor and Cnattingius (15). Initial BMI at the begin-
ning of the first pregnancy was categorised using conven-
tional cut-off points for underweight (<18.5), normal
weight (18.5-24.9), overweight (25.0-29.9) or obese (≥30).
Other covariates including maternal age, height, year of
delivery and smoking habit were grouped as detailed in
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between the birth of the first and second child.
The pregnancy complications and obstetric outcomes
assessed included pre-eclampsia and gestational hyper-
tension (coded according to the ISSHP definition, [25]),
placental abruption, placenta praevia, postpartum hae-
morrhage (defined as blood loss of more than 500 ml or
1000 ml at vaginal or Caesarean delivery respectively),
type of labour (spontaneous or induced), type of deli-
very (spontaneous vaginal, instrumental, elective or
emergency Caesarean section), spontaneous preterm
delivery (<37weeks) and post-term delivery (>41 weeks).
Gestational age was recorded according to the last men-
strual period and was confirmed by ultrasound. Where
there was disagreement of more than 7 days, the ultra-
sound date was taken as the actual gestational age. Peri-
natal outcomes included stillbirth, birth weight and
placental weight. The latter was weighed untrimmed and
recorded to the nearest 10 g. Birth weight was defined as
small for gestational age (SGA) if weight was less than the
10th centile or large for gestational age (LGA) if weight
was above the 90th centile for gestation using gender and
parity specific birth weight charts for Scottish singleton
births [26]. Similarly gestational age, gender and parity
grouping specific placental weight charts were used to
define low placental weight (<10th centile) and placental
oversize (>90th centile). These were derived from the
AMND [27].
Statistical analysis
In Table 1 the frequency of maternal characteristics and
outcomes of first pregnancy in relation to the BMI change
category between pregnancies was analysed by Chi-Square
tests. In addition the distribution of inter-pregnancy
weight (BMI) change as a continuous variable was com-
pared with maternal characteristics and outcomes of the
first pregnancy as categorical predictors using one-way
ANOVA. The effect of initial BMI category at first preg-
nancy and direction of BMI change category between
pregnancies on inter-pregnancy BMI change was analysed
using ANOVA (Linear Model) and differences between
BMI groups were compared by Tukey’s method (data in
text). The significance of any trend in the incidence rate of
each pregnancy complication in the second pregnancy in
relation to the BMI change since the first pregnancy
(Table 2) was evaluated by the Cochran-Armitage test for
(a) women who experienced the specific complication in
the second pregnancy only and (b) for all women irre-
spective of first pregnancy history. The latter may be of
value in estimating trends and risk in situations where the
first pregnancy complications have not been clinically doc-
umented. The risk of pregnancy complications in the sec-
ond pregnancy in relation to inter-pregnancy BMI change
were assessed using logistic regression (Table 2). Risks arepresented as Odds Ratios (OR) with 95% confidence inter-
vals (CI) and were adjusted for BMI at first pregnancy,
height, inter-delivery interval, along with maternal age and
smoking status, year of delivery, baby gender and gesta-
tional age at second pregnancy. Where appropriate, vari-
ables were additionally adjusted for the co-occurrence of
either pre-eclampsia or gestational hypertension. After
testing for an interaction between BMI category at base-
line and BMI change category, we further investigated
whether BMI at the beginning of the first pregnancy modi-
fied any relationship between inter-pregnancy BMI change
and pregnancy complication risk at the second pregnancy
by repeating the above logistic regression approach for
women who had a BMI below or above 25 at the first
pregnancy (Table 3).
The Cochran-Armitage test was carried out using R
(Foundation for Statistical Computing, Vienna, Austria)
and all other statistical analysis was carried out using
Minitab (version 15; Minitab Inc., State College, PA).
Results
Pregnancy complications and baseline BMI
Maternal and pregnancy outcome characteristics at the
first and second pregnancy in relation to BMI category at
first pregnancy are detailed (Additional file 1). At the first
baseline pregnancy 2% of women were underweight, 63%
were normal weight, 26% were overweight and 9% were
obese and there was no major difference in inter-delivery
interval between groups.
Pregnancy complications and inter-pregnancy change
in BMI
On average women gained one BMI unit (median 0.7,
IQR −0.3 to 2.0) during a mean pregnancy interval of
3.4 years (median 3.0, IQR 2 to 4). Table 1 details the fre-
quency of maternal characteristics and outcomes of the first
pregnancy in relation to the BMI change category between
pregnancies. It also details the average change in BMI be-
tween the first and second pregnancy in relation to these pa-
rameters. The number of women per BMI change category
was influenced by age, height, first pregnancy BMI, smoking
habit and inter-delivery interval and hence all these parame-
ters were adjusted for in the logistic regression analysis.
Similarly, the incidence of pre-eclampsia, gestational hyper-
tension, induced and instrumental deliveries, placental
abruption, LGA and extremes of placental weight at the first
pregnancy varied by BMI change category. Irrespective of
BMI change category, on average, weight gain between the
first and second pregnancy was not influenced by smoking
habit, decreased with age and height, and increased with the
inter-delivery interval. Weight gain between the first and
second pregnancy was greater in women who had ges-
tational hypertension, induced labour, LGA and pla-
cental weight > 90th centile, and lower in women with a
Table 1 Maternal characteristics and first pregnancy outcome in relation to change in BMI between first and
second pregnancy
BMI change category (number of women)
Maternal characteristics
and/or complications
during first pregnancy
<−1* −1 to <1* 1 to <3* ≥3* P value¥ Mean change in BMI (SD) P value
(n = 1637) (n = 5586) (n = 3740) (n = 1777)
Age (years)
≤19 11.1 32.7 28.4 27.8 P = 0.000 1.860 (2.961) P = 0.000
20-24 14.3 39.8 29.4 16.5 1.122 (2.392)
25-29 12.8 47.1 29.8 10.3 0.790 (1.884)
30-34 11.8 51.1 29.1 8.0 0.696 (1.726)
≥35 13.5 49.3 29.3 7.9 0.615 (1.743)
Height (cm)
≤159 12.7 41.9 30.3 15.1 P = 0.015 1.098 (2.283) P = 0.002
160-164 12.6 44.6 28.8 14.0 0.992 (2.235)
165-169 12.8 44.6 29.2 13.4 0.973 (2.136)
≥170 13.8 45.9 28.6 11.7 0.870 (2.101)
Adjusted BMI (kg/m2)
≤18.5 2.6 47.2 37.9 12.3 P = 0.000 1.396 (1.757) P = 0.000
18.6-24.9 9.8 49.7 29.7 10.8 0.920 (1.853)
25-29.9 18.3 35.5 29.1 17.1 1.069 (2.525)
≥30 20.7 26.4 25.7 27.2 1.361 (3.334)
Smoking habit
Non-smoker 12.2 45.0 29.7 13.1 P = 0.000 0.991 (2.161) P = 0.267
Smoker 15.0 40.3 28.0 16.7 1.057 (2.380)
Inter-delivery interval (years)
≤1 17.5 48.6 26.4 7.5 P = 0.000 0.508 (1.854) P = 0.000
2 15.6 51.5 25.0 7.9 0.503 (1.823)
3 12.3 46.6 30.2 10.9 0.871 (1.938)
>3 9.2 33.0 33.7 24.1 1.747 (2.615)
Pre-eclampsia No 12.8 44.0 29.4 13.8 P = 0.029 0.999 (2.204) P = 0.080
Yes 13.7 40.5 28.0 17.8 1.160 (2.381)
Gestational hypertension No 13.1 45.2 28.4 13.3 P = 0.000 0.959 (2.199) P = 0.000
Yes 12.1 38.7 32.9 16.3 1.189 (2.259)
Induced labour No 12.8 44.9 29.0 13.3 P = 0.000 0.968 (2.170) P = 0.001
Yes 13.1 41.2 30.2 15.5 1.107 (2.317)
Instrumental delivery No 13.0 44.1 28.3 14.6 P = 0.000 1.017 (2.263) P = 0.431
Yes 12.4 43.2 32.0 12.4 0.982 (2.076)
Elective caesarean No 12.8 43.8 29.4 14.0 P = 0.733 1.011 (2.217) P = 0.340
Yes 11.9 46.5 28.1 13.5 0.905 (2.121)
Emergency caesarean No 12.7 44.2 29.2 13.9 P = 0.089 1.012 (2.209) P = 0.485
Yes 14.2 41.2 30.5 14.1 0.972 (2.242)
Spontaneous preterm No 13.0 43.8 29.4 13.8 P = 0.254 1.004 (2.223) P = 0.614
Yes 10.8 45.0 29.3 14.9 1.044 (2.080)
Post-term delivery No 12.9 43.9 29.3 13.9 P = 0.507 1.000 (2.211) P = 0.180
Yes 11.7 42.6 31.3 14.4 1.109 (2.245)
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Table 1 Maternal characteristics and first pregnancy outcome in relation to change in BMI between first and
second pregnancy (Continued)
Placental abruption No 12.9 44.0 29.2 13.9 P = 0.005 1.004 (2.218) P = 0.213
Yes 10.4 34.4 40.1 15.1 1.205 (1.906)
Placenta praevia No 12.9 43.9 29.3 13.9 P = 0.701 1.007 (2.214) P = 0.981
Yes 4.5 50.0 31.8 13.7 1.019 (2.016)
Postpartum haemorrhage No 12.9 43.9 29.4 13.8 P = 0.247 0.998 (2.211) P = 0.148
Yes 12.0 43.0 29.3 15.7 1.093 (2.230)
Stillbirth No 12.9 43.8 29.3 14.0 P = 0.300 1.007 (2.218) P = 0.807
Yes 8.4 48.6 32.7 10.3 0.955 (1.619)
Birth weight <10th C (SGA) No 13.0 43.5 29.6 13.9 P = 0.134 1.014 (2.223) P = 0.331
Yes 11.8 46.6 27.6 14.0 0.953 (2.134)
Birth weight >90th C LGA) No 12.8 44.1 29.4 13.7 P = 0.014 0.994 (2.201) P = 0.023
Yes 13.4 40.4 29.1 17.1 1.161 (2.346)
Placental weight <10th C No 12.9 43.4 29.4 14.3 P = 0.001 1.023 (2.229) P = 0.012
Yes 12.1 48.3 28.8 10.8 0.855 (2.055)
Placental weight >90th C No 12.7 44.5 29.1 13.7 P = 0.001 0.989 (2.190) P = 0.006
Yes 13.7 38.8 31.2 16.3 1.163 (2.396)
*Values are percentage of women. ¥P values obtained from a chi-squared test of counts.
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women classified as underweight or obese at baseline had
the largest change in average weight between pregnancies
(Table 1) and the direction of weight/BMI change is pre-
sented in more detail in Figure 1. Of the group of women
who were underweight at baseline, few subsequently lost
weight and more gained a modest amount of weight com-
pared with all other baseline BMI categories (P < 0.01).
While fewer women who were obese at baseline were
weight stable or gained a modest amount of weight, more
gained a large amount of weight between pregnancies than
all other categories (P < 0.01). Counter-intuitively, more ini-
tially overweight or obese women also lost weight between
pregnancies than in the normal weight stable reference
group (P < 0.001). In the relatively weight stable and mod-
est gain groups the extent of individual weight change
was independent of initial BMI category. In contrast the
extent of inter-pregnancy weight change in the loss group
was linearly associated with initial BMI category (equi-
valent to an average of −1.4, -1.6, -2.1 and −3.0 BMI units
for underweight, normal, overweight and obese groups, re-
spectively) and was statistically higher in women initially
categorized as obese relative to all other groups (P <
0.001). Similarly for women with a large inter-pregnancy
gain in BMI (equivalent to an average of 5.0, 4.7, 5.1 and
5.3 BMI units for underweight, normal, overweight and
obese groups, respectively), the gain was highest in the
overweight and obese compared with the normal refer-
ence group (P < 0.001).
In Table 2 incidence rate and adjusted odds ratios
for adverse perinatal outcomes during the secondpregnancy, in relation to BMI change category between
the first and second pregnancy, are presented for
women experiencing the individual complication in the
second pregnancy only and for all women irrespective
of previous history. In both cases data are shown for
those adverse outcomes where weight change was as-
sociated with statistically significant linear trends
across the BMI change spectrum and/or adjusted odds
ratios only (non-significant adjusted odds ratios for the
remaining pregnancy complications and unadjusted
odds ratios for all pregnancy complications for women
experiencing the complication in the second pregnancy
only are available in Additional file 2). For women ex-
periencing a complication in the second pregnancy
only (Table 2a), a weight gain equivalent to more than
3 BMI units (median 4.3, IQR 3.5 to 5.7) was associated
with an increased risk of pre-eclampsia, gestational
hypertension, emergency caesarean section and LGA
(OR 1.59 to 1.85) and was protective against spontan-
eous preterm labour (OR 0.65). In contrast women
who lost more than 1 BMI unit (median −1.6, IQR −2.3
to −1.3) had a higher risk of induced labour, sponta-
neous preterm delivery and SGA (OR 1.21 to 1.67) and
a lower risk of LGA (OR 0.57) relative to the stable BMI
reference group (median 0.1, IQR −0.3 to 0.5). The size
and direction of the associations between inter-pregnancy
weight change and most pregnancy complications was
similar for all women irrespective of first pregnancy his-
tory (Table 2b). The exception was the risk of induced
labour which was slightly higher in both weight gain cate-
gories when all women were included.
Table 2 Frequency rate and adjusted odds ratios for adverse perinatal outcomes during second pregnancy in relation
to change in BMI from first pregnancy (a) for women with specific complication in second pregnancy only and (b) for
all women irrespective of first pregnancy history
BMI change (% study population)
(a) Complication 2nd
pregnancy only (cases)
<−1† −1 to <1 1 to <3 ≥3 Trend¥,
P value
(13%) (44%) (29%) (14%)
Pre-eclampsia Rate (%) 1.11 0.74 1.22 2.07 <0.001
(n = 140) OR (95% CI) 1.23 (0.69-2.20) 1 1.44 (0.93-2.23) 1.85 (1.12-3.04)* 0.100
Gestational Rate (%) 3.54 3.55 4.47 6.98 <0. 001
Hypertension (n = 524) OR (95% CI) 0.83 (0.61-1.14) 1 1.22 (0.98-1.52) 1.82 (1.40-2.36)*** <0.001
Induced labour Rate (%) 13.13 10.70 12.55 14.42 0.032
(n = 1371) OR (95% CI) 1.21 (1.01-1.46)* 1 1.12 (0.98-1.29) 1.17 (0.97-1.40) 0.100
Elective caesarean Rate (%) 7.34 7.01 8.56 9.69 0.001
(n = 930) OR (95% CI) 0.91 (0.72-1.15) 1 1.16 (0.98-1.37) 1.18 (0.95-1.48) 0.093
Emergency caesarean Rate (%) 3.74 2.72 3.92 6.79 <0. 001
(n = 461) OR (95% CI) 1.27 (0.93-1.75) 1 1.30 (1.03-1.66)* 1.78 (1.35-2.35)*** <0.001
Spontaneous preterm Rate (%) 5.89 4.39 4.53 4.1 0.072
(<37 wks, n = 558) OR (95% CI) 1.46 (1.08-1.97)* 1 1.00 (0.78-1.28) 0.65 (0.45-0.93)* 0.002
SGA, <10th C Rate (%) 9.57 6.42 6.31 5.83 <0.001
(n = 800) OR (95% CI) 1.65 (1.33-2.04)*** 1 0.95 (0.80-1.14) 0.82 (0.63-1.05) <0.001
LGA, >90th C (n = 755) Rate (%) 3.48 5.22 7.78 9.42 <0. 001
OR (95% CI) 0.57 (0.42-0.76)*** 1 1.48 (1.24-1.76)*** 1.70 (1.36-2.13)*** <0.001
Placental wt. <10thC Rate (%) 8.25 6.06 5.45 5.34 <0. 001
(n = 773) OR (95% CI) 1.67 (1.35-2.07)*** 1 0.91 (0.76-1.09) 0.99 (0.77-1.28) <0.001
Placental wt. >90thC Rate (%) 7.33 6.96 8.93 12.27 <0. 001
(n = 1061) OR (95% CI) 0.90 (0.72-1.11) 1 1.26 (1.08-1.47)** 1.59 (1.31-1.47)*** <0.001
(b) Complication all women (cases)
Pre-eclampsia Rate (%) 1.68 1.27 1.93 3.31 <0. 001
(n = 225) OR (95% CI) 0.97 (0.60-1.55) 1 1.33 (0.94-1.88) 1.70 (1.14-2.53)** 0.033
Gestational hypertension (n = 967) Rate (%) 7.06 6.4 9.74 12.04 <0. 001
OR (95% CI) 0.90 (0.72-1.14) 1 1.50 (1.28-1.77)*** 1.79 (1.46-2.20)*** <0.001
Induced labour Rate (%) 23.27 20.1 24.45 29.71 <0. 001
(n = 2386) OR (95% CI) 1.07 (0.92-1.24) 1 1.13 (1.01-1.26)* 1.20 (1.03-1.39)* 0.057
Elective caesarean Rate (%) 9.06 8.68 10.06 11.48 0.004
(n = 1107) OR (95% CI) 0.91 (0.74-1.13) 1 1.10 (0.94-1.29) 1.15 (0.93-1.41) >0.1
Emergency caesarean Rate (%) 7.69 6.24 7.74 10.65 <0. 001
(n = 885) OR (95% CI) 1.08 (0.86-1.36) 1 1.12 (0.94-1.33) 1.24 (1.00-1.54)* >0.1
Spontaneous preterm (<37 wks, n = 745) Rate (%) 7.41 6.13 5.89 6.03 >0.1
OR (95% CI) 1.23 (0.90-1.67) 1 0.91 (0.71-1.16) 0.71 (0.50-1.01) 0.057
SGA, <10th C (n = 1203) Rate (%) 14.55 10.52 9.29 8.88 <0. 001
OR (95% CI) 1.63 (1.36-1.95)*** 1 0.85 (0.74-0.99)* 0.78 (0.63-0.97)* <0.001
LGA, >90th C Rate (%) 6.09 7.71 11.11 14.49 <0. 001
(n = 1093) OR (95% CI) 0.64 (0.50-0.82)*** 1 1.44 (1.23-1.67)*** 1.82 (1.50-2.20)*** <0.001
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Table 2 Frequency rate and adjusted odds ratios for adverse perinatal outcomes during second pregnancy in relation
to change in BMI from first pregnancy (a) for women with specific complication in second pregnancy only and (b) for
all women irrespective of first pregnancy history (Continued)
Placental wt. <10thC Rate (%) 9.95 8.3 6.89 6.41 <0. 001
(n = 999) OR (95% CI) 1.53 (1.26-1.87) 1 0.84 (0.71-0.98)* 0.88 (0.70-1.11) <0.001
Placental wt. >90thC Rate (%) 9.89 9.47 11.87 16.54 <0. 001
(n = 1429) OR (95% CI) 0.84 (0.69-1.01) 1 1.24 (1.08-1.42)** 1.59 (1.34-1.89)*** <0.001
Odds ratios (OR) and 95% confidence limits (CI) from logistic regression *P < 0.05, **P < 0.01 ***P < 0.001 relative to stable BMI reference group (OR = 1). Models
adjusted for baseline BMI at first pregnancy, height and inter-delivery interval, and maternal age, year of delivery and smoking status, gestational age and baby
gender at second pregnancy Where appropriate, variables were additionally adjusted for the co-occurrence of pre-eclampsia or gestational hypertension. For (a),
women with each individual complication in the first pregnancy were excluded. † Refers to BMI loss between pregnancies of more than 1 unit. ¥Significance of
trend for complication frequency rate from the Cochran –Armitage test and for odds ratios from calculation of overall Chi square value. SGA, Small for gestational
age; LGA, Large for gestational age. Birth and placental weight categories based on gender and parity specific centile charts for Scotland [26,27].
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inter-pregnancy change in BMI
When the putative interaction between baseline BMI
category and inter-pregnancy change in BMI category
were examined, statistically significant interactions (weight
change effects differing between the four baseline BMI
categories) were evident for the risk of some of the most
prevalent adverse pregnancy outcomes, namely emergency
caesarean section (P = 0.012), LGA (P = 0.009) and placen-
tal weight >90th centile (P = 0.004). On this basis and
cognizant that this initial approach may miss detecting
interactions for less prevalent outcomes we further sub-
divided the data and compared the effects of weight
change between pregnancies on second pregnancy pri-
mary complication risk for women who had a BMI less
than 25 (median 22.4, IQR 21.0 to 23.6) with those who
had a BMI above 25 (median 27.5, IQR 26.0 to 30.0) at
first pregnancy. This equated to 65 versus 35% of the
study population, respectively (Table 3). Data are shown
for those adverse outcomes where weight change was
associated with significant linear trends across the BMI
change spectrum and/or adjusted odds ratios in at least
one baseline BMI category. Women who were over-
weight at baseline and who had a modest (median 1.9,
IQR 1.4 to 2.4) or large (median 4.5, IQR 3.7 to 6.0) gain
in BMI between pregnancies had a two and three fold
higher risk of pre-eclampsia at the second pregnancy com-
pared with overweight women who were BMI stable (me-
dian 0.1, IQR −0.4 to 0.5). No such relationship was evident
in women with baseline BMI less than 25 units (healthy
weight). In contrast an 80% greater risk of spontaneous pre-
term labour was evident in women who lost weight be-
tween pregnancies and who had a baseline BMI less than
25 units but not in women who were overweight at base-
line. Similarly, both inter-pregnancy weight loss and weight
gain heightened the risk of requiring an emergency section
in women who had a baseline BMI less than 25 only, with
the highest overall risk in the largest BMI gain category.
The direction of the association between weight change
and the remaining adverse outcomes shown, namely gesta-
tional hypertension and both birth weight extremes wassimilar in both baseline BMI categories but significantly
stronger in women whose BMI was less than 25 at the out-
set. There was no effect of inter-pregnancy weight change
on the crude or adjusted risk of stillbirth, post-term delivery,
postpartum haemorrhage, placental abruption or placenta
praevia (see Additional file 2) in the population overall and
when examined in relation to baseline BMI category.
Inter-pregnancy BMI change and placental weight
Average placental weight increased by 36 g between the
first (median 600, IQR 520 to 700 g) and second preg-
nancy (median 630, IQR 550 to 725 g, P < 0. 001). The
difference in placental weight at delivery in successive
pregnancies after adjustment for inter-delivery interval
and maternal height along with age, gestation length and
smoking status in both pregnancies was −0.4, 17.4, 24.1
and 30.2 g for women in the weight loss, weight stable,
modest and large weight gain categories, respectively
(P < 0.001). In the second pregnancy, inter-pregnancy
BMI change, through the BMI loss to large gain categor-
ies was inversely related to the incidence of low placen-
tal weight (<10th centile) and positively related to the
incidence of high placental weight (>90th centile) in the
population as a whole (Table 2), and in women who
were either overweight or had a relatively healthy weight
at baseline (Table 3). Thus for the population overall,
women who lost weight between pregnancies (13%) were
more likely to have a very small placenta (OR 1.67) while
women who gained a modest (29%) or large amount of
weight (14%) were more likely to have a large placenta
(OR 1.26 and 1.59, respectively).
Discussion
This study demonstrates that weight change during the
inter-pregnancy interval is strongly associated with the
risk of experiencing a range of pregnancy complications
in the second pregnancy. This was true for women ex-
periencing particular complications for the first time and
for all women irrespective of their previous first preg-
nancy history. The data herein for women encountering
a complication for the first time in the second pregnancy
Table 3 Frequency rate and adjusted odds ratios for adverse perinatal outcomes during second pregnancy in relation
to change in BMI from first pregnancy for women with BMI (a) less than 25 and (b) more than 25 units in
first pregnancy
BMI change
(a) First pregnancy BMI <25,
complication 2nd pregnancy (cases)
<−1† −1 to <1 1 to <3 ≥3 Trend¥,
P value
Pre-eclampsia Rate (%) 1.02 0.76 0.98 1.35 >0.1
(n = 75) OR (95% CI) 1.43 (0.64-3.20) 1 1.14 (0.66-1.98) 1.27 (0.60-2.68) >0.1
Gestational hypertension (n = 282) Rate (%) 2.86 3.04 3.86 5.52 <0.001
OR (95% CI) 0.87 (0.54-1.39) 1 1.30 (0.99-1.73) 1.98 (1.35-2.90)*** 0.002
Emergency caesarean Rate (%) 3.67 2.24 3.43 8.06 <0. 001
(n = 267) OR (95% CI) 1.73 (1.11-2.69)* 1 1.41 (1.03-1.92)* 2.64 (1.82-3.81)*** <0.001
Spontaneous preterm (<37 wks, n = 402) Rate (%) 7.47 4.78 5.05 4.78 >0.1
OR (95% CI) 1.89 (1.30-2.74)*** 1 0.62 (0.38-1.02) 0.62 (0.38-1.02) <0.001
SGA, <10th C Rate (%) 12.36 7.33 7.05 6.52 0.001
(n = 585) OR (95% CI) 1.76 (1.35-2.28)*** 1 0.90 (0.74-1.11) 0.69 (0.50-0.96)* <0.001
LGA, >90th C Rate (%) 1.80 3.90 6.96 6.15 <0. 001
(n = 381) OR (95% CI) 0.44 (0.25-0.76)** 1 1.84 (1.46-2.32)*** 1.83 (1.28-2.60)*** <0.001
Placental wt. <10thC Rate (%) 11.40 7.24 6.54 6.90 0.005
(n = 568) OR (95% CI) 1.79 (1.36-2.34)*** 1 0.92 (0.74-1.13) 1.05 (0.76-1.44) <0.001
Placental wt. >90thC Rate (%) 4.49 5.94 9.08 11.69 <0. 001
(n = 564) OR (95% CI) 0.69 (0.47-1.00)* 1 1.49 (1.22-1.82)*** 1.76 (1.33-2.32)*** <0.001
(b) First pregnancy BMI >25,
complication 2nd pregnancy (cases)
Pre-eclampsia Rate (%) 1.20 0.68 1.69 2.81 <0.001
(n = 65) OR (95% CI) 1.47 (0.60-3.63) 1 2.29 (1.06-4.95)* 3.03 (1.38-6.64)** 0.029
Gestational hypertension (n = 242) Rate (%) 4.19 5.02 5.68 8.52 <0.001
OR (95% CI) 0.76 (0.50-1.17) 1 1.09 (0.77-1.54) 1.64 (1.14-2.36)** 0.004
Emergency caesarean Rate (%) 3.80 4.07 4.89 5.52 0.063
(n = 194) OR (95% CI) 0.88 (0.56-1.38) 1 1.14 (0.78-1.65) 1.11 (0.73-1.69) >0.1
Spontaneous preterm (<37 wks, n = 156) Rate (%) 4.44 3.34 3.52 3.41 >0.1
OR (95% CI) 1.01 (0.60-1.69) 1 0.97 (0.60-1.56) 0.67 (0.38-1.19) >0.1
SGA, <10th C Rate (%) 7.09 3.99 4.89 5.14 >0.1
(n = 215) OR (95% CI) 1.73 (1.18-2.54)** 1 1.18 (0.81-1.72) 1.13 (0.74-1.73) 0.036
LGA, >90th C Rate (%) 5.09 9.04 9.43 12.98 <0. 001
(n = 374) OR (95% CI) 0.55 (0.38-0.79)*** 1 1.05 (0.80-1.38) 1.45 (1.08-1.95)* <0.001
Placental wt. <10thC Rate (%) 6.81 4.36 4.28 4.39 0.049
(n = 205) OR (95% CI) 1.56 (1.07-2.29)* 1 0.91 (0.62-1.33) 0.93 (0.60-1.44) 0.026
Placental wt. >90thC Rate (%) 11.31 12 11.25 16.42 0.023
(n = 497) OR (95% CI) 0.91 (0.69-1.20) 1 0.94 (0.73-1.20) 1.34 (1.03-1.75)* 0.029
Odds ratios (OR) and 95% confidence limits (CI) from logistic regression *P < 0.05, **P < 0.01 ***P < 0.001 relative to stable BMI reference group (OR = 1). Models
adjusted for baseline BMI at first pregnancy, height and inter-delivery interval, and maternal age, year of delivery and smoking status, gestational age and baby
gender at second pregnancy. Where appropriate, variables were additionally adjusted for the co-occurrence of pre-eclampsia or gestational hypertension. For each
individual endpoint women experiencing the complication in the first pregnancy were excluded. For the < −1, -1 to 1, 1 to 3 and ≥3 BMI change categories the
distribution of the study population was 9, 50, 30 and 11% for women with a first pregnancy BMI of less than 25 (a) and 19, 33, 28 and 20% for women with a first
pregnancy BMI of more than 25 (b). † Refers to BMI loss between pregnancies of more than 1 unit. ¥Significance of trend for complication frequency rate from the
Cochran –Armitage test and for odds ratios from calculation of overall Chi square value. SGA, Small for gestational age; LGA, Large for gestational age. Birth and
placental weight categories based on gender and parity specific centile charts for Scotland [26,27].
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Figure 1 Percentage of women who were weight stable or who lost or gained weight between pregnancies in relation to maternal
BMI category at first pregnancy. Where superscript letters differ within inter-pregnancy weight change categories, P < 0.01.
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ger population based study of Villamor & Cnattingius
[15]. For women who gained 3 or more BMI units, this
comparison reveals a striking similarity between studies
in the adjusted odds ratios for major pregnancy compli-
cations including pre-eclampsia (1.85 vs 1.78), gesta-
tional hypertension (1.82 vs 1.76), and LGA (1.70 vs
1.87), and a comparable OR for emergency caesarean de-
livery (present study) compared with all caesareans com-
bined (1.78 vs 1.32). In contrast to previous studies
[15,20], inter-pregnancy weight change was not associ-
ated with the risk of stillbirth but our inability to detect
a relationship may partly be due to a combination of the
generally low incidence rate of this complication and the
considerably smaller size of our study population. In the
present study, inter-pregnancy weight loss was associated
with a 46% higher risk of spontaneous preterm delivery
while a large BMI gain was modestly protective (35%
lower risk). Both the direction and magnitude of these ef-
fects were very similar to those reported previously [22],
albeit examining BMI changes in a different way and in a
large study population of more than 200,000 women. In
the latter study which used self-reported weight and
height data, moving from a normal to an underweight
BMI classification between pregnancies was associated
with a 50% higher risk of spontaneous preterm delivery
while moving from normal to overweight or obese cat-
egories was associated with a 20% lower risk of an early
birth in both cases. In addition to confirming the general
robustness of these previous observations, herein for the
first time we demonstrate that inter-pregnancy weight loss
is associated with a 65% higher risk of an SGA birth. Al-
though not directly comparable, weight loss before preg-
nancy, calculated as an annual average between 20 yearsof age and start of pregnancy approximately 9 years later,
has recently been shown to increase the risk of an SGA
delivery by 76% [28].
We additionally examined whether the above relation-
ships between inter-pregnancy weight change and the risk
of adverse pregnancy outcomes were dependent on a
women’s baseline BMI at the first pregnancy. In general
the risks associated with weight gain (namely gestational
hypertension, caesarean delivery and LGA birth) were
higher in women who had a healthy BMI (<25) during the
first pregnancy than for overweight women, emphasizing
that individuals do not necessarily have to become obese
per se to increase their risk of adverse outcome at the sec-
ond pregnancy. The exception was the risk of pre-
eclampsia which was three-fold higher in women who
were overweight at baseline but not different from the
weight stable reference group in women who had a
healthy weight at this time. This is in sharp contrast to
previous data indicating that the effect of inter-pregnancy
BMI change on pre-eclampsia was independent of base-
line BMI at the first pregnancy [15]. As the approach to
the data analysis was identical the reason underlying this
discrepancy is unknown but may relate to subtle differ-
ences in the diagnosis and hence classification of pre-
eclampsia between data bases, or to the relatively higher
percentage of women in our population with a large inter-
pregnancy BMI gain (3% more in both initially healthy
and overweight categories). With respect to those compli-
cations associated with inter-pregnancy weight loss, the
risk of a SGA birth was independent of BMI at baseline,
suggesting that any downward movement between BMI
categories is likely to increase the risk of this complication.
In contrast the risk of spontaneous preterm delivery fol-
lowing inter-pregnancy weight loss was apparent only in
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fect in women who were initially overweight (BMI >25) is
in complete agreement with previous work where moving
from obese to overweight or normal, and overweight to
normal BMI categories did not alter the risk of spontan-
eous preterm delivery relative to the BMI stable normal
reference group [22].
The public health implications of these findings are
considerable. The natural assumption is that women
who were obese at the start of the first pregnancy are
more vulnerable to excessive weight gain during that
pregnancy and in the subsequent postpartum period.
While this was true for approximately 25% of our study
population, a considerable number of initially overweight
and obese women (18 and 20%, respectively) lost weight
between pregnancies thus theoretically negating the risk
of many of the maternal and perinatal complications as-
sociated with weight gain but increasing their risk of a
SGA birth. In partial support a recent retrospective
study involving more than 700,000 women has specific-
ally shown that gestational weight loss protects against
pre-eclampsia and emergency caesarean section but in-
creases the risk of prematurity and SGA in all but the
most severely obese women [29]. We have no informa-
tion on the underlying causes of weight change in either
direction in the present study but likely candidates not
controlled for in the analysis presented here include in-
appropriate gestational weight change, diet, physical activ-
ity, breastfeeding and socio-economic status. Further it is
possible that the use of customized birth weight centiles
(based on maternal height and weight at booking) to define
birth weight extremes may subtly alter the reported rela-
tionships. While the consequences of large inter-pregnancy
weight gains are arguably more serious for a women’s long
term health our results suggest that a degree of caution is
required if health professionals promote weight loss at this
time, particularly as the effectiveness of dietary and lifestyle
intervention strategies aimed at improving pregnancy out-
come among both normal and obese women remain
largely unproven [30,31].
Together the present and previous studies linking inter-
pregnancy BMI change in both directions with a range of
contrasting pregnancy complications implies a causal rela-
tionship, although we cannot determine whether it is
weight change or the behaviours leading to it that confer
extra risk. Nevertheless the present study further suggests
that some of these relationships may be mediated in part
by the placenta. Placental size, morphology, blood flow
and nutrient transport functions primarily determine the
growth trajectory of the fetus [32] and placental and fetal
weight are strongly correlated [33]. Thus in light of the re-
lationship between inter-pregnancy weight loss and SGA
(1.76), and between weight gain and LGA ([15] and this
study, OR 1.87 and 1.83, respectively), it is perhapsunsurprising that our analysis also reveals that weight loss
was associated with a similarly higher risk of low placental
weight (OR 1.79), and weight gain with a greater risk of
having a large placenta (OR 1.76). The implication is that
these changes in maternal nutritional status between suc-
cessive pregnancies impact maternal nutrient reserves at
the start of the second pregnancy and hence the placental
growth trajectory. Alterations in placental growth may in
turn be on the causative pathway to some of the preg-
nancy complications studies herein. In partial support,
studies in a highly controlled sheep model demonstrate
that placental weight is profoundly influenced by BMI at
conception (irrespective of subsequent gestational intake)
and is closely associated with birth weight at delivery [34].
Moreover in term infants, placental weight has recently
been shown to be an important intermediary between ma-
ternal conditions of overnutrition (namely pre-pregnancy
obesity, excessive gestational weight gain and gestational
diabetes mellitus) and increased birth weight [35].
A considerable strength of our study was that weight and
height were measured at the first clinic appointment on
both occasions and weight was adjusted to a standard ges-
tational age for all maternities. This was a close approxima-
tion of pre-pregnancy BMI as it was recorded by clinically
trained staff thereby negating recall bias. Moreover the data
for the maternal weight corrections was originally derived
from women with singleton live births between 32 and 42
weeks gestation from the same geographical area [24], and
while arguably sub-optimal for women with stillbirth or
post-term delivery is considerably better than no adjust-
ment. Both maternities were at a single hospital and a
number of known important confounders were measured
and the analyses adjusted accordingly. A further strength is
the uniform criteria used in the AMND to record preg-
nancy complications. On the other hand the study popula-
tion after exclusions for missing data was relatively small
and of low ethnic diversity. Moreover the low event rate
for rarer complications such as stillbirth may have limited
the power to detect all potential effects. Nevertheless the
missing data do not appear to have introduced population
bias as the proportion of women per initial BMI category
at first pregnancy, the frequency of pregnancy complica-
tions in relation to first pregnancy BMI, and the relation-
ship between inter-pregnancy BMI change and the primary
incidence of specific pregnancy complications is commen-
surate with previous publications by other groups using
other data sources [5-9,15-22]. Moreover the data was col-
lected over a time range where changes in obstetrical prac-
tice might have been expected (eg. criteria for caesarean
section) but this potential bias should have been minimized
by including year of delivery in the adjusted model. Al-
though the inter-delivery interval was similar between
baseline BMI categories, it is acknowledged that the avail-
ability of this parameter in years rather than months is not
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this parameter in the model.
Conclusions
In conclusion, inter-pregnancy weight change in either
direction variously increases the risk of a number of con-
trasting pregnancy complications, including extremes of
placental weight.
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